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AUTHORS: Rebane, K. K., Purga, A. P., Sil'd, 0. I., and Khizhnya- 
“ kov;, VeVe- 

TITLE: On the theory of electronic-vibrational transitions in 


erystals and molecules. II. Results of calculations for 
different models 


SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki 1 astrono-~ wa 
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest- (4 
sentsii, 48-75 


TEXT: The authors apply the results obtained in Part I / Abstrac- 
tor’s note: See preceding article cf this journal_7 to several the- 
oretical models of vibrating systems, e.g. a luminescence center in 
a crystal or an isolated molecule. M. Lax's method-of-moment cal- 
culations (Ref. 1: J. Chem. Phys., 20, 1752, 1952) are used. The 
first four moments of an electronic vibrational band in the Condon 
approximation are found for the following: Single harmonic oscilla- 
tor: a set of independent harmonic oscillators; a single anharmonic 
Gaeitle tor with anharmonicity cf vibrations taken into account in 
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the initial and final electronic states; a system of anharmonic 
oscillators with anharmonicity of the final electronic state taken 
into account. The Condon approximation restricts the results to the 
case when matrices of the electron transitions are independent of - 
the vyitrational coordinates. This restriction is removed in the lal 
ter part of the article and the authors consider (1) a single har- 
moni oscillator and (2) a set of independent harmonic oscillators. 
In case (1) the first four moments of an electronic-vibrational 
band are calculated with the electron matrix elements depending ex- 
ponentially cn the vibrational coordinate. Ir case (2) the first 
three moments of an electronic~vibrational band are calculated with 
the electron matrix element depending exponentially on the vibra- 
tional coordinate. Direct comparison of quantum-mechanical results 
Tor many-coordinate and quasimolecular (one or several effective 
coordinates) models of luminescence centers give the limits of 
applicability of the quasimolecular model. Acknowledgment is made 
to N. N. Kristofel' and I. V. Aberenkov for discussion of the re- 
sults reported. There are 1 figure, 1 table and 39 references: 23 
Soviet-bloc and 16 non-Soviet-bloc, The 4 most recent references to 
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the English-language publications read as follows::d. J. Markham, 
Rec. Mod. Physe, 31; 956 (1959); R. Knox, Phys. Reve, 115, 4095 
(1959); M. Lax, Photoconductivity Conference (ed. by R. G. Brecken- 
ridge), New Yoek, 1956, po 111; Te Kojima, J. Phys. Soc. Japan, 12, 
908, 918 (1957). - 2 
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AUTHOR: Retane, K.-S. K. 


TITLE: The effect of the excitation intensity and of temperature 
en tne eveady-etate luminescence brightness of ZnS-type 
phosphors 


SOURCE: Akademiya nauk Estonskoy SSR. Institut figziki i astrono- 
mii. Trudy. No. 14, 196%. Issledovaniya po lyuminest~ 


sentsii, 260-269 Y 


auther presents a thecry of luminescence of ZnS- type — 
s based cn a band model with three trapping levels in the 
energy gaps Two electran levels and one hole. The steady-state is 
d d it is assumed that (1) trapping levels are almost 
os aaa a filled with carriers, (2) the number of hole traps is 
much smaller than the number cf electron traps, and (3) the nunm- 
bers of carriers in the conduction and valence bands are much smal- 
ler than the number of trapped carriers. Steady-state luminescence 
brightness and quantum yield are derived as functions of the exci- 
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taticn intensity 4 and absolute temperature T for strong and weak 
ex itations, for low and high temperatures. The number of trapped 
and free carriers are alsc found as functions of d and T. There are 
* figure and 1G references: 14 Scviet-bloc and 5 non-Soviet-—bloc. 
Tne referen.es *¢ English-language publications read as follows: 

H, A» Kiasens, d. Phys. Chem. Solids, 7, 175 (1958) and 9, 185 
f:95G)2 C, 4. Dutcc, Brit. d. Appl. Phys. Supple, 47, 107 (1955); 
W. Hcegenstrasten and H. A. Klasens, J. Blectromech. Soc., 100, 
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AUTHORS : ebane, K.-S. K., and Savikhin, F. A. 


TITLE: Optical quenching and stimulation in some ZnS phosphors 


SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki 1 astrono- 
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest- 
sentsii, 276-280 


TEXT: The authors report measurements of quenching and flash emis- 
sion produced by additional infrared illumination during excita- 
tion of ZnS phcsphors with light from a NPK-4 (PRK-4) lamp, passed 
through a Y oC 2(UFS-2) filter. The following phosphors were inve- 


etigated: ZnS:Zn, ZnSzAg, ZnS:Cu (10 6 g/g), 2nS:cu (10 z g/g), 
2nS:Gu, Al. They were prepared by heating ZnS, an activator and 
flux in open quartz test-tubes for 30 min at 1100°C. Infrared illu- 
mination was provided by a 400 W incandescent lamp. All measure- 
ments were carried cut at room temperature. The results are pre- 
sented as the degree of quenching (quenching spectrum) or the in- 
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Sensity of flash emission (flash spectrum) plotted against the in- 
frared wayelength. The quenching spectra of the ZnS:%Zn emission and 
of the blue luminescence of ZnS:Cu had one band at 1000-1100 mi, 
which probably consisted of two closely-spaced bands. The quenching 
Spectrum cf 2nS:Ag had one band at 800-900 mu and a stronger one at 
1200-~ 1300 mu, The quenching spectrum of the green luminescence of 
ZnS:Cu had a band at 700-800 mi and a weaker one at 1300 ma. ZnS: 
Cu, Al excited with a 50 c/s field had a quenching band at 800 m. 
The results chtained for ZnS:Cu showed that: (1) The quenching 

and flash spectra cof the same luminescence band were not identical; 
(2) the flash Spectrum had two bands at short wavelengths: one near 
the maximum cf optical quenching of the green band (700-800 ) 

and the cther at wavelengths shorter than those investigated by 

the authors; (3) a flash band (at 1350 mu) of the green and blue 


luminescence af 2nS:Cu (107? e/g) occurred near the long-wavelength 
quenching band of the green luminescence; there was no 1350 mp 
fiash band when the copper content in ZnS was reduced to 10-5 g/g, 
The authors state that the observed relationships could be accoun- 


Card 2/3 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


CIA-RDP86-00513R001444' 


7 Sea & Sew WE eT 


ag Seg EE URS 


"APPROVED FOR RELEASE: Tuesday, August 01, 2000 


Gs _ 


vat 
5/6 13/61/000/01 1 
Optical quenching and... tb07 5305 er 


ted for by a simple energy-band model. There are 2 figures and 7 

references: 3 Soviet-bloc and 4 non-Soviet-bloc. The py cemesen to 

Ga ae ee Pe eee publications read as follows: N. Tf. Melamed, 
: ectromech. Soc., 97, 33 (1950); BE. R, 

ea ; ; ( ); F. Daly, Proc. Roy. Soc., 
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AUTHOR: Rebane, K. K. 


TITLE: Allowance for stimulated emission by the method of moments 


SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astrono- 
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest- 
sentsii, 289-291 


TEXT: The present note shows that the stimulated emission which 
is important in absorption (especially in radio frequencies) is 
allowed for in the formulae of the method of moments. Comparison 
of the expression for power absorbed by a quantum system in the 
dipole approximation with the formulae of the method of moments 
shows that the problem of finding the absorbed power integrated 
cver frequencies, reduces to calculating the first moment of the 
transition probability distribution. The first-moment formula ap- 
plied to an initially excited state yields negative terms in the 
sum over energies. These negative terms represent stimulated tran- 
sitions accompanied by forced emission. Subsequent calculations 
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require determination cf the cOmmutator [ux], where H is the Hamil- 

tonian of the system and x is the coordinate operator; the result 

is independent: of the form of the potential energy. In the case of 

a system represented by a Hamiltonian in which the momentum opera- 

tor occurs only in the usual nonrelativistic kinetic energy opera- ari 
tor it is found that 


Wa = WNe*s/3me (1) 


where N is the number of absorbing systems; e and m are the charge 
and the mass of the system; c is the velocity of light; s is the 
density of radiation which is independent of frequency. Eq. (1) is 
identical with the result obtained by B. I. Stepanov and V. P. 
Gribkovskiy for a harmonic oscillator (Ref. 1: DAN AN SSSR 121, 
446, 1958; Izv. AN SSSR, ser. fiz., 24, 529, 1960). Ea. (1) shows 
how not only a harmonic oscillator, but any quantum system absorbs 
in the dipole approximation. The harmonic oscillator case is dis- 


tinguished by absorption at a single frequency w and, therefore, Ne 
Gard 2/3 
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for that oscillator Eq. (1) is also the formula for the power ab- 
sorbed at the frequency w. The method of moments can be used con- 
veniently to find the integrated absorbed power (Wo) in the qua- 
drupole approximation. The problem then reduces to*calculating 
the third moment of the transition probability distribution. Such 
s calculation was carried out by 0. Sil'd /Abstractors note: No 
reference given 7 who obtained the following result for a linear 
harmonic oscillator: 


2 
Wa/Wy = 16 kt/Sme 


where ( is the quantum temperature _of the harmonic oscillator de- 
fined by kts (h /2)ccth(h /2kT) /Abstractor's note: An abridged 
translaticn /. There are 4 Soviet-bloc references. 
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AUTHORS: Hebane, K.-S. K., Tal'viste, E. 


TITLE: Infrared quenching of brightness waves of the electroluminescence 
of ZnS-Cu,Al 

PERIODICAL: Referativnyy zhurnal, Fizika, no. &, 1962, 45 - 46, abstract 8V324 
("Tr. In-ta fiz. i astron. AN EstSSR", 1961, no. 15, 172 - 183; 
summary in English) : 


‘TEXT: The quenching factor of ZnS-Cu,Al phosphors was studied as a func- 

tion of the excitation parameters during infrared irradiation of the-.phosphors. 

Tne excitation came from a sinusoidal electric field. A number of rules govern- 
ing the benavior of the quenching factor are noted. The results are confronted 

with theoretical conclusions. There are 15 references. : 


A. Burlakov 
[Abstracter's note: Complete translation] 
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AUTHOR: Rebane, K. K._ 


TITLE: On tne possibility of using induced emission for determining the 
emission bands of impurity centers 

PERIODICAL: eferativnyy zhurnal, Fizika, no. 8, 1962,- 26, abstract 8v182 
("Pr. In-ta fiz. i astron. AN EstSSR", 1961, no. 15, 209 - 211; 
summary in English) : 

TEXT: Attention was directed onto new possible ways, based on the phenome- 


non of induced emission, of studying impurity centers, ‘particularly the possi- 
pility of determining the emission band without having to use a reference source. 


[Abstracter's note: Complete translation] 
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AO61/A101  ° oe 
AUTHOR: Rebane, K, K 
TITLE: A 
semiclassical formula for the nonradiative transition probabilitd 
ties 


PERIODICAL: : 
eee zhurnal, Fizika, no. 7, 1962, 17, abstract 7A168 (" 
; 1 astron. AN EstSSR", 1961, no. 16, kg - 56 ee : 
. : : 


summary) 
TEXT: Sim 3 
ple semiclassical fo 1 .: : 
Sition prob . Tmulas for estimati t 
probabilities are presented, The semiclassical ema wae 
e ng 


[Abstracter's note: Complete translation] 
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AUTHOR: Rebane, K.=m K. 


TITLE: . Steady luminescence of ZnS phosphors as dependent upon the 
excitation intensity 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, v. 25, 
no. 4, 1961, 479-480 


TEXT: The present paper has been read at the 9th Conference on Luminescence 
(Crystal Phosphors), Kiyev, June 20-25, 1960. The author studied a band 
scheme with three trapping levels, one of which being a hole level, and 
the other two being electron levels. The corresponding transitions are 
graphically presented in Fig. 1. When solving the system of equations 
describing the behavior of this model, the possibility of a complete 
filling of the hole levels was taken into account. The author examined 
the re@ ion of weak and medium excitations, where n,; + no~n can be assumed, 


and it was also presupposed that the number of electron trapping centers 
be considerably higher than the number of hole trapping centers. Under 


Card 1/4 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


t 01, 2000 CIA-RDP86-00513R001444' 


cat! 


"APPROVED FOR RELEASE: Tuesday, Augus 


) 22166 
Frogo4e1/ 025/004/015/048 
B201 


Steady luminescence of... B104 


these premises, the number of ionized luminescence centers ig 


= 1 Ca+D 
ana Sy mee G4 


V 1 Ca+D \?_ B—Ffa 
Ee eee i, Seca —_ ——__ 
: (5 Aa—B % Aa—B*- 


Here, a is a quantity which igs proportional to the excitation intensity, 
A,....,F are quantities which do not depend on a ag long as the escape 
probability for electrons and holes oan be indicated in the form 

Ws (a, iD) W, (f) + W,(a). Also the following formula ig obtained: 


_@ +(Mi—2)n 


= Ww, . 
bs + ot + Bn 


Nn 


(3) 


The luminescence intensity igs taken to be proportional to the number of 
recombinations in a luminescence center: I = 6nN7. at small a, where 
(7) $1, (a), n grows proportional to Ja. If, in addition, (W,-a/n,)> a, 


and N~ Ya, the quantum yield will be Constant; q = BY, 6/8, 76, = Q With 


qv 
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érowing a the first term in 

N"~ oa. q then increases, Ag may be seen from 
considerably. Thus, under certain, condit 

WT)< W,(a), then twa? ana Now aX, Furthermore, 


, end 
» I(a) may rise 


» and if, in addition, 
it is easy, in the 


author's opinion, to show that at rising temperature I(a) is shifted 
by %(T)< Hy (a), 


toward higher a-values. In the Tange characterized 
does not depend on 7, Under well defined conditions 
temperature, At an increase of a, 
higher temperatures, Results obtai 

ublished in ¢ 


(-E/kT) ’ 


then q~exp(E/2kT), 
he importance of 


ur 
while the author of 
and 12 references: 


the present paver did 
7 Soviet-blog and 5 non-Soviet-bloc. 
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references to En 
Slish-lan 
Dubos’ ts As. ‘Bees it read as follows: Ref. 5;/ ( 


‘ - Suppl. § 
Nail N. R., Urbach P., Pearlman ie up Senden 47, 107 (1955); Ref. 10; 


America, 39, 690 (1949), 


Legend to Fig. 1; 
Scheme of trapping 
levels. 
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243500 
AUTHORS: Rebane, K. K. and Sil'd, 0. I. 
TITLE; Theory of electron-vibrational transitions in crystals and 


molecules 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, v. 255 
no. 4, 1961, 535-537 


TEXT: The present paper was read at the 9th Conference on Luminescence 
(crystal phosphors). The authors have derived the following formula to 
find the moment of first order of the transition-probability distribution 


in any quantum system: 8, = > (-1)?(2) (By yraese PHP y at (1), where 
p20 p n II Ion 
II 


“an A 
P denotes the operator causing a disturbance of the transition; qe and # 


Hamilton operator for the initial resp. final state; yy the wave function 


of the initial state. Results for various concrete systems, especially 
for atoms, molecules and erystals can be found with this formula. The 
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application of formula (1) in dipole approximation for the atom at 1 = 1 
will yield the known f sum rule of Thomas-Reiche-Kuhn and at 1 = 2, 3, 4 
the sum rule of J. Vinti (Ref. 2: Phys. Rev., 41, 432 (1932)). Dropping 
the dipole approximation will result in a generalization of the results 
mentioned. If a molecule or a luminescence center is considered in a 
crystal then the adiabatic approximation is introduced. Here, formula (1) 
will be of the following form for the transition from an electron state n 


l 
1 + ai- > A 
to that of n': 8, = 2 (-1)(3) oh M (#)a 7? Mn CR) ED Patt (2), where 


n'n 


>. 
Pnq tenotes the ath wave function in an electron state nj Main) the 


electron matrix element of the n-n' transition depending on the nuclear 
coordinate ft. H and Hoe denote Hamilton operators describing the nuclear 


vibration in the state n, resp. n'. Averaging formula (2) with respect to 
the vibrational states a of the initial electron state a formula is 
obtained for n # n' which corresponds to results of M. Lax (Ref. 3: 
J. Chem. Phys., 20, 1752 (1952)). The authors have calculated a number of 
various models for vibrational systems in cooperation with.A. P. Purga and 
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V. V. Khizhnyakov (Ref. 4: Tr. In-ta fiz. i astron. AN EstSSR, no. 14 
(1961)), and by using the above formula. In order to compare theoretical 
and experimental results a more precise experimental determination of band 
contours is necessary. Quantum mechanics and other effects will appear 
more distinct with smaller Stokes! losses which are expressed in the 
vibration quantum number. Therefore, alkali-halide crystals of a low 
atomic weight, i.e., systems of the NaCl-Eu type, activated with rare 
earths, should be suitable to be used for a comparison with the theory. 
There are 7 references; 4 Soviet-bloc and 3 non-Soviet-bloc. 
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TEXT; 
luminescence of Z2ns 
intensity of lumine 
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strongly 
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analysis 
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AUTHORS:  Zabotin, V.M., Rebane, K.-S.K., and Samorukov, V.Ye- 
TITLE: On electro-luminescence and electro-photoluminescence 
SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i 


astronomii, Trudy. no.18. 1962. Issledovaniya po 
lyuminestsentsii. 102-106 


TEXT: The coefficient of amplification (or quenching e 
arising when an a.c. field is applied.to a photo~luminescent 

condenser is given by: 
where T34m is the intensity of electro-photoluminescence, I5 


the intensity of electro-luminescence, and To the intensity of 


photoluminescence. The.effects of ultraviolet irradiation were 
investigated on the following phosphors: (1) zns-( 1073 g/g) Ccu,Cl; 
(2) znS-(0.05%) Cu, (0.9%)Mn, Cl; and (3) znS-(0.2%) Cuy 

(0.05%) Al. For phosphor (1) for all values of intensity of To 
and I, and for all wavelengths of exciting light (in the range 
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AUTHOR: . Rebane, K.-S. K. 
-_ SFR Fy 
TITLE: On the stimulated luminescence of some luminophors 


SOURCE: Akademiya nauk Estonskoy SSR. . Institut fiziki i 
astronomii, Trudy. no,18, 1962.  Issledovaniya po 
lyuminestgentsii, 143-144 


TEXT: The stimulated spectra at different temperatures for a 
series of luminophors were measured. It is shown that the 

stimulated spectrum of SrS-Ce, Sm at low temperatures broadens, ; 
At liquid oxygen temperature a supplementary stimulation band v/ 
appears on the long wavelength side of the fundamental band. This 

new band is stable up to a temperature of -340 °C. The stimulated 
spectra at different temperatures for SrS-Ce, Sm are given in the 
figure. A study of ZnS-Cu, Pb shows that its stimulated spectrum 

in the region 0.7 to 1.5 » at the temperature of liquid oxygen 
consists, apparently, of three bands with maxima near 0.9, 1.23 

and 1.3 p. Their temperature behaviour confirms that one of them 

has a definite hole character, Moreover, this phosphor possesses 

weak sensitivity in the longer wavelength region of the spectrum. 
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At liquid oxygen temperature ZnS-In possesses a very intense flash, 
the stimulated spectrum of which is identical wi 

measured by H. Koelmans (J.Phys,Chem.Solids, 17, 69). 

The flash intensity of this Phosphor decreases Sharply with 
increasing temperature. The stimulated spectra of ZnS-Cu and 
(Zn.Cd)S-Cu are the Same at room temperature and at liquid oxygen 
temperature, 

There is 1 figure, 


‘SUBMITTED: December 30, 1961. 


On the stimulated luminescence of Pore 


[Abstractor's note: Complete translation. | 
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AUTHORS : Purga, As Poy Rebane, K. K. 


Rear o a 
PIPLS: Calculation of the moments of transition probabilities 
without applying tneoretical perturbation methods 


SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i 
astronomii. Trudy. no. 19. 1962. Issledovaniya po 
teoreticne skoy fizike. 80-88 


pEXT; The probabilities and moments of the probability aistribution of 
quantum transitions are calculated for a $-shaped disturbance 
[ae] 
-1 
cé(% - t') = oF j cos w(t - b')des 


Go 3 
where C is an operator not depending on time and frequency. Phe exact 
probability of transition under the action of such & disturbance is 


Wg = \¢ rlexp} - = c}\ aoe. The moments are calculated with a method 


described by Kx. Rebane in Opt. i spektre, 9» 557, 1960, and K.Rebane, 
0. Sild, proceedings of the International Conference of Semiconductor 
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; ACCESSIGN NR: #3013092 . 5/2613/62/000/021/0276/0278 
mevors: Rebsne, Ke Koj Uni zhnyakov, V. Ve 

On the theory of the Shrolsky exfect 
SCIACE: & EetSSR. Institut fizild 1 astronomii. Trudvy*, no. ZL, 1962, 2716-278 


. TOPIC TAGS: _ Kossbaver, Shpolsky effect, electron oscillation, transition, spectre, 
recoil energy, Stokes loss : 


de between the Méssbauer @nd Shpolsky 


effect (s on transition spectra of {Impure molecules) « 
It is contend in the Shpolsky effect can be 


obtained from theory if the % 


recoil energy in the lat Certain riments are 
proposed to obtain informati of interaction between oscillations of 


vyerious electron types in the Shpolsky ® the existence of the Mossbauer 
effect on heterogeneous atoms in organic erystals. 
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ASSOCIATION: AN EstSSR. Institut fizikd 1 estronomii (AN EstSSR. Institute of 
Physics end Astronomy) 


SUBMITTED: 22Sep62 DATE ACQ: 11Sep63 ENCL: 00 
(SUB CODE: PH NO REF SOV: 006 OTHER: 001 
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AUTIIGR: Rebane, K.-S. K. 
TITLE: Stationary luminescence of zgnS Phosphors 
PERIOUICAL: Gptika i spektroskopiya, v.12, no.2, 1962, 254-254 


TEXT: A detailed analysis of a Special zone model with three 
trapping levels approximating closely the behaviour of many ZnS 
type phosphors is given, Some of the relations between the 
brightness of the stationary luminescence and the intensity of 
€xcitation, ambient temperature, intrinsic phosphor temperature 
and complenientary secondary exposure to visible, ultraviolet or 
infrared Light, are discussed, Concerned chiefly with the 
phenomena of electroluminescence, the author develops briefly 

the zone theory of stationary luminescence, considering a case in 
which the depth of the recombination processes of one level is 
considerably smaller than the remaining levels, Further 
simplifications are made by considering the number of hole levels 
considerably smaller than electron levels and selecting a case in 
which the number of charge carriers is much smaller than the 
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nunber of trapped carriers. Detailed analysis of the effect of 
excitation intensity on the intensity of luminescence is given, 
isolating four regions and predicting quantum yield in each 
region, Finally, the effect of temperature on the intensity of 
luminescence is also determined, It is noted that since the 
temperature quenching in most of the znS phosphors is an 
external process, Mott's formula is not applicable, The 
experiments on temperature quenching at various excitation 
intensities, carried out previously by the author, confirmed 
this theoretical argument, 

There are 3 figures, 


SUBMITTED: February 23, 1961 
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reer bane. Ke. “Ss . kK. 


stationary luminescence of ZnS phos phors, 
al. Electrolumanescence and anlrared quenching 


PERLOULCAL: Gptika i spektroskopiya, v.12, no.3, 1962, 396-399 
wa awake’ Fornulae developed carlier with the help of a zone 
model (Ref,]: Opt. i spektr. v.12, 1962, 254) and intended for 
tie calcudation of the effect of excitation intensity and 
temperature on the brightness of luminescence were extended in 
{ne present work to the stationary Luminescence and electro- 
luminescence, and it was shown that with their help it is 
possible to predict at least ‘two ,and more likely, three regions 
in which the luminescence intensity depends on the field 
potential, The results of the work of Y. Lehmann (Ref.5: 
J.&lectrochem.Soc., 103, 1956, 667) in which a formula was given 
embracing the experimental results relating the electrolumines- 
cence brightness to the field potential, were found also to 
Support the general formulae developed in this work. The same 
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orizinal formulae developed from the zone model were applied 

also to the shenotenon of inirared quenching of electro~ and 

Notorluminescence. The theoretical predictions were again 
r 


found to be in good agreement with the experimental data. The 

author fully supports the hypothesis of acu. Bonch-Bruyevich and \ 
U.S. Marenkov (Rer.lo: Opt. i spektr. v.8, 1960, 55) that in y 
tae cause of infrared quenching, the electrical field not only 
excites the luminescence, but also quenches it, 

Tnere are 2 figures and 1 table, 
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REBANE, K.K.; SIL'D, 0.1. 
Spectroscopic sum rules taking induced emission into accounth 
Opt. i spektr. 13 no.4:465-470 0 '@, (MIRA 16:3) 
(Quantum theory) 
(Absorption of light) 
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TITLE: Stationary luminescence of ZnS Phosphors, III 
PERTODICAL: Optika i Spektroskopiya, v.13, no.4, 1962, 584-587 


TEXT: Having developed earlier (Spt. i spektr., v.12, 1962, 254,. 

Tr. Inst. fiz. i astr., AN ESSR,.no.8, 1962, 57) from the kinetics P 
Standpoint the formulae for the cases of activator excitation A-Z, J 
zone~zone excitation Z-Z, and the valenty zone - donor level of 

capture excitation Z-D, the author Gives the corresponding 

diagrams and discusses the formulae further, justifying some of 

the theoretical conclusions reached by L.A.Vinokurov and 

u.V.Fok (Opt. i spektr., v.10, 1961, 225) (who predicted 

reduction of the summary luminescence value on certain determined 
types of levels) by measuring the dependence of the brightness of 

the ZnS-Cu scintillation stimulated in the 800 mk band, on the 

density of the exciting light, It is shown that it is possible 

to determine from the summary luminescence stored in tne Phosphor, 

the depth of the levels. However, the probiem is of considerable 
complexity and the solution may be simplified only by either 
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wYrranging the experiment so that substantially all the electrons 
uce Localized on one type of levels or when the measurements are 
carried out in the far advanced stages of quenching, The work 
ts concluded with a brief analysis of photoconductivity o given 
tn terns of eleetrons and holes mobilities, applicable to the 
“-4, Z-Z and #-p cases, showing also schematically the relation 
between ana the density of excitation, The whole 

is based entirely on kinetic considerations. 
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develovument 
2 figures, 
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Some problems of the theory of luminescent centers in crystalline 
phosphors. (Ghekhosl fiz zhurnal 13 no.3:210 163. 


1. Institute of Physics and Astronomy of the Estonian Academy of 
Segence, U.S.S.R. 
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~AUTHORS : Rebane, K.K., and. Khizhnyakov, ‘VeVe 


ee 
TITLE: Theory of quasilinear electron-vibrational ‘spectra in. 
‘7 crystals, I. The theory of Shpol'skiy' s effect 


PERIODICAL: Optika i spektroskopiya, v.14, no.3, 1963, 362-370 


TEXT: The theory of electron-vibration transitions is 
developed taking into account local fluctuations; in. particular 
the effect of the Frank-~Condon factor and the shape of lines with 
no background are investigated. It'is'shown-that: with the presence 


of local fluctuations: in the electron«vibrational spectra in 
impurity centers of crystals: together with ‘bands and pure electron . 
transition'lines, dependent on’crystal ‘vibrations, there should 
appear’a series of discrete vibration lines. This explains the - 
ohpol'skiy effect; the occurrence: of quasilinear spectra with 
-impurity molecules: in molecular ‘crystals. Formulas are obtained 
_. Showing the intensity and shape of'‘the lines and their temperature 
dependence. The conditions: required for.-the formation of quasi- —: 
“s"~-binear spectra are found and: the: ‘possibility of observing the 
intrinsic structure of users nee: is considered. 
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_ For this the exciton zone must be sufficiently narrow or there 
must be a sufficiently severe selection rule imposed on the ; 
electron transitions, cans -. 


SUBMITTED: October 15, 1962 
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AID Nr. 984-18 6 June 
ANALOGY OF THE MOSSBAUER AND THE SHPOLSKIY EFF ECTS (USSR) 


K,, and V. V. Khizhnyakov. Optika i spektroskopiya, v. 14, 
no. 4, Apr 1963, 491-494. S$/051/63/014/004/007/026 


-A detailed comparison is presented of the thin gamma resonance lines in 
nuclear vibrational transitions, characteristic of the MUssbauer effect, 
and the thin lines of electron vibrational transitions, characteristic of the | 

" Shpolskiy effect. It is shown that by the use of the perturbation theory the 
two effects can be adequately described by the same formulas. This can 
be achieved because the mathematical properties of harmonically approxi- 
mated wave functions fully eliminate the basic difference between the two. 
creatments, which consists in postulating photon recoil energy in the 
-M&ssbauer effect and Stokes losses in the Shpolskiy effect. . Along with 
the coincidence of such basic traits of the effects as. the very thin spectral 
lines, the additive type of the spectrum, temperature dependence and the 
Specific character of the influence of crystal vibrations, the analogy also 
encompasses the quantitative relationships of the theory. _ [ZL] 
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KRISTOFEL', N.N.; REBANE, K.K.; SIL'D, 0.1.3; KHIZHNYAKOV, V.V. 
Causes of the difference between the half-width of the absorp- 


tion and emission bands of crystal phosphors. Opt. i spektr. 15 
no.4:569-572 O 163. (MIRA 16:11) 
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Dynamies of a lastice with impurities and tne quesi-iine 

electron-vibration spectra of crystals. lata 7 Est. SSR. 
iz.-mat. i tekh. nauk 13 no.2;87-109 ‘6d. 

Ser. fiz.-mat hese 

1. Corresponding Member of the Academy of Sciences of the 

Estonian S.8.Kk. (for Rebane). 
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i; ACC NR; AP6012067 SOURCE CODE: UR/0023/65/000/002/0309/0312 | 


| AUTHOR: Robane, Ke; Rebano, Le pf 


ORG: Institute of Physics and Astronomy, AN EstSSR (Institut ‘fizild. i astrono 
AN EstSsr) 


TITis: Low-temperature emission spectra of oxygen in alkali halide crystals 


SOURCE: AN EstSSR. Izvestiya. Seriya fiziko-matematicheskikh i tekhnicheskikh nauk,| - - 
Noe 2, 1965, 309-312 ; 


TOPIC TAGS: emission spectrum, luminescence spectrum, crystal impurity, oxygen, 
photomicrography, alkali halide, cryogenica 


aApsTract: The liminescence spectra of alkali halide crystals activated by oxygen 
have a vibrational structure which is clearly pronounced even at room temperature. 
At neliua temperatures each of the vibrational bands of the spectrum is found to 
possess a "fine structure." In order to study this structure further and ascertain 
its nature, the authors made a more detailed measurement of luminescence spectra at 
a temperature of 4.2° K. The authors report finding a number of new spectra details: 
(from three to ten clear peaks) and attribute the fine structure mainly to the 
interaction of the electron transition in the impurity molecule 03, with the crystal. 
The article presents photomicrograms of the emission 


of all recorded peaks. The authors thank Ye. F. Gross and coworkers at the laboratory 
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participation in the measurements. Orig. art. has: 3 figures and 3 tables. /Jprs/ | 


ACC NR: “AP6012067 
SUB CODE: 20 / SUBM DATE: O8Jun65 / ORIG REF: 003 / OTH REF: 006 : 


Card 2/2 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


7 -00513R001444: 
"APPROVED FOR RELEASE: Tuesday, August 01, 2000 ; CIA-RDP86-00 


ec raaes RS ESTEA EE Ia 
wrk ia isleniabeu ania : eee : a 
yes 23516-66  EWE(1)/? 

; NR: AT6008330 


: AUTHOR: Rebane, K. K.; 
—————_— 


GG 


SOURCE CODE: 


UR/2613/64/000/027/0017/0033 


Tekhver, I. Yu. ; 


7 Khizhnyakov, V. V~. 4. 3 


| ORG: none =e Be; 
i 


SOURCE: AN EstSsSpr. Institut fiziki j astronomii, Trudy, no. 27, 1964, Iss ledovaniya 
Po teorii tverdogo tela (Research on the theo 


ry of solids), 17-22 


TITLE: 


Detailed structure of a purely electronic quasi-line 


TOPIC TAGs: crystal theory, 
width, vibration spectrum, c 
ABSTRACT: The authors study 
tronic quasi-line in vibratio 
considered: 


» line 


2/, D 
the theoretical width of an Seton 


ita eae ce Set 


Pe NEU ery 


of the order of 107% om71 
This line is narrow enough to be lost through statistical disper- 
erystal matrix in ordinary experimental condi- 
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Orig. art. has: 1 formula. 
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TITLE: Vibrational electron bands of a luminescence center with regard to anharmoni-~ 
city of vibrations : 


SOURCE: AN EstSSR. Institut fiziki i astronomii. Trudy, no. 27, 1964, Iss ledovaniya 
po teorii tverdogo tela (Research on the theory of solids), 23-56 
TOPIC TAGS: luminescence center, crystal theory, energy band structure » harmonic 


analysis, vibration spectrum, vibration se 
ABSTRACT: The authors caleulate the moments 5, for probability distribution of vibron-|. © 


rere tern, 


ic transitions of order 1 = 0, 1, 2, 3 and & for a luminé¥éence center in a crystal. . 


of the third and fourth orders. The electron matrix element is accounted for as a 

function of the vibrational coordinates together with the anharmonicity of the adia- 
batic potentials. Some of the results are compared with experimental data in the li- 
terature. An analysis of the resultant expressions for the moments indicate that vi- 
brational anharmonicity may be definitive in the following effects: 1. a temperature 
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shift in the first moment of the band; 2. a deviation in the temperature relation- 
ship of the half-width of the band 6 from the law év/T; 3. the sign of asymetry of 
the band. The basic effect which shows the relationship between M and the vibration- 
al coordinates is an increase in the intensity of the integral band with temperature. 
This relationship does not show up in any other clearly pronounced singularities in 
the behavior of a band corresponding to a center where the Stokes losses are high. 
Orig. art. has: 16 formulas. ; 
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TITLE: Quasi-line vibrational electron spectra and their relationship to the 
Missbauer effect 
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ZIy t 
ABSTRACT: The authors briefly review the (literature on the theory of quasi-line vi- 
brational electron spectra in impuri stals. Fundamental formulas are given 


.which describe vibrational electron spectra and their relationship to temperature. 


The theoretical conclusions are compared with experimental data for the 488.6 angstrom 
line in a cadmium sulfide crystal. Experimental curves for the temperature relation- 
ship of the CdS emission spectrum near this line show qualitative confirmation of the 
theoretical conclusions. The ratio of the integral intensity of the pure electron 
line to that of the phonon section of the curve (due here to acoustic vibrations of 
the lattice) falls rapidly with an increase in temperature. The distribution of Stokes 
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losses shows a maximum at: approximately 6 em}, i. e. the strongest interaction is 
with vibrations having a haber rich me lattice constants. A great similarity 
is observed between the Mussbdler*éffect and quasi-line vibrational electron spectra. 
The main difference between the two phenomena is that recoil energy is of prime im- 
portance in the Missbauer effect while Stokes losses play the leading role in quasi- 
line vibrational electron spectra. The second approximation of perturbation theory 
is sometimes required for explaining the Méssbauer effect with respect to the natural 
width of the excited level. Orig. art. has: 2 figures, 1 table, 6 formulas. ° 
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' ABSTRACT: The Juminescenc prepare 

' AgA1S2, Ag2S and AlgS3 were aled quartz 
ampule at 850—95 0c for 12 hr. To prepare the powder of ZnS was prelimi- 

narily heated in a flow of HgS at 450C for 1 hr, ated for 4.5 hr at 

1150C. The concentration of AgA1Sg varied from 5° 107° The emission spec- | 

_ tra were measured by a monochromator and ph 

spectrophotometers. The emission spectrum of ZnS 

: of about 2.5 (blue band), 2.4 (green band), and 2.0 eV (red band). However, all these bands 

i were evident only at low concentrations of AgA1S2 in the phosphor. The blue band dominated 
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at higher concentrations of the activator. The excitation spectra consisted of three character-: 


istic regions: 1) encompassed the group of peaks found within the absorption limits of the 
: main lattice of ZnS; 2) contained only one characteristic band near the fundamental absorption | 
edge (this band at 77K was at about 3.8 eV); and 3) encompassed all excitation bands, the 


i 
H 
| 
| 


! 


peak energy of which was less than 3.8 eV. The most interesting of them were the excitation 
bands of green luminescence at about 3.00 eV and red luminescence at about 2.63 eV. It was 
found that the peaks of the emission bands shift to the longwave side when the concentration of 

AgA1S»9 and the temperature are increased. It is postulated that the excitation band at 3.80 av | 
is due to absorption of the exciting light by $2- ions surrounding the activator ion, The red ~ | 


{ 
! 
| 
| 
| 
1 
| 


: emission band was explained by means of the donor-acceptor model of luminescence. Orig. 


art, has: 3 tables and'3 figures. 
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{ 
; ve civ 
i ausTpRAGT:; An article by L. REBANE and T. SAAR in tho samo issue of this 

| journal establishes the fact that thore is a decrcase in the half-width of 

tha vibration sub-band of KBr-05 with an inereaso in the nwaber n in tho 

| Luminescenco spectrun. The present article is intended to show that this 

i fact may be oxplainad as tho effect of the intcraction of local vibration 

with crystal vibrations 1f the "double adiabatic approximation” is usod as | -- 
tho basis and a certain assumption is mado as to the sign of an harmonic ae 
intoraction botween local and crystal vibrations. The authors noto that the 

"doudle adiabatic approximation" is a general approach to the problen of a 
comparatively Light impurity molocule”in a heavy base and is apparontly also: 
effective in tho case of any impurity centers if thore is a local vibration = S 
iwith a frequency significantly oxcoeding the frequency of the remaining 4 
iVibrations. The authors state that thoy hope to return to a detailed con- 

| sideration of the "double adiabatic approximation" in eubeeauent publications. 


| Orig. art. has: 3 formulas. (JPRS: 39,0405 { 
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TITLE: Effect of the activator on the infrared stimulation and quenching spectra of 
ZnS luminophors 


SOURCE: Zhurnal prikladnoy spektroskopii, v. 2, no. 4, 1965, 350-355 
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ed zinc sulfide and of zine sulfide activated by copper, silver and gold. The de-ex-| 
citation curves of the phosphors are measured at 77 and 293°K. The methods used for 

: synthesis and excitation of the specimens are described briefly. The luminophors : 

: studied (with the exception of Zn$) have four main thermoluminescence maxima: at 

: roughly -170, -130, ~40 and +30°C. It may be assumed that some of these peaks are 

i made up of two or more components. The absence of a thermomaximum at ¥30°K in ZnS : 


fy ABSTRACT: The authors examine the IR stimulation and quenching spectra of unactivatr a 


is attributed te temperature quenching. Luminescence stimulation spectra for the 
various phosphors studied are given in the 0.85-3.00 » range. ZnS gave the most in- 
tense scintillation and ZnS-Cu gave the least intense scintillation. Five groups of 
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levels are observed in the stimulation spectrum which correspond to definite capture Ve 
levels. The approximate maxima for these bands are located at energy levels of 1.4- |. 
1.3, 1.0, 0.8, 0.55 and 0.45 ev. The most intense of these is the maximum at about | 
1.0 ev. The relative intensity (but not the position) of the other bands depends on 
the activator. The 1.0 ev band has the simplest structure in ZnS-Cu. For the other - 
phosphors, this band is wider and has a more complex structure. The IR quenching 
spectra show up best at room temperature. These spectra are extremely sensitive to 
the type of activator. The edge of the quenching region for both gold- and copper- 
activated ZnS lies at about 1.1-1.2 ev (at 779K), The edge of the IR-sensitive re- 
gion for ZnS~Ag lies at a temperature of about 0.8 ev for a temperature of 293°K. 
The sensitivity edge for IR-quenching in ZnS phosphor lies at about this same level. 
A comparison of stimulation and quenching spectra at the two temperatures indicates 
that both types of spectrum are extremely sensitive to temperature. A band model 
is proposed to explain the quenching spectra for the various phosphors studied. Bands a 
observed in the stimulation spectrum are attributed to lattice defects. Orig. art. | 
has: 3 figures. 
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ABSTRACT: The author briefly reviews the literature on reabsorption in luminophors,. 
Reabsorption can take place only when the emission spectrum of the luminophor overlaps 
the absorption spectrum. Such overlap takes place in ZnS:Cu:Co phosphors. “Reabsorp= 

' tion can considerably affect the equilibrium emission from e thick layer of lumines- 

| cent material. This effect was calculated on the basis of a simple band model with 

i one donor and one acceptor level, and the resulting equilibrium concentrations of 
jonized luminescence centers and conduction electrons for the cases of reabsorption 
at a) electron-trapping centers, b) un-ionized luminescence centers, and c) filled 

' hole-trapping centers, are presented in terus of a notation introduced elsewhere by 
the author (Tp. In-ta fiziki 1 astron. AN EstSSR, No.l0, 209 (1959)) and only partly 
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explained in the present paper. In case a) the réabsorption limits the growth of the 


stored light sum and can contribute to the linearity of the photoconductivity and 
photoluminescence, In case b) the reabsorption‘increases both the light sum and the 
current carrier concentration. In case c), for which the current carrier concen~ 
tration is not given, owing to the complexity of the calculations, reabsorption re- 
duces the light sum. It would be desirable experimentally to establish the reality 
of the deduced effects, Orig. art. has: 5 formulas and 1 figure, 
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TRANSLATION: A short survey is given of theory ‘which’ considers. quasi=line elect 
vibrational spectra (the Shpol'skiy: effect; impurities - in ionic crystals) and 
"nuclear vibrational" spectra (the Méssbauer: effect. and: its. analogies). from a-s 
point of view. Particular: attention ‘is given. to new: results ‘on the: llowing: prob: 
lems: 1) effect of temperature on quasi-line: “spectra: with: regard to ‘local ‘oscili 
tions, narrow vibrational-zones and: sharp maxima~in “the: distribution: of’ Stokes * Ic 
ses or oo energy from ceysted vibrations: -2). local ates - quas 
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3) possibility for the existence of: a second: (bread) resonance near’ the: “phononi-free 
Lines: ae) queed Moe spectra: of. Raman. Seattering ‘by local ‘vibrations: 
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-lpopre. TAGS: ~Franck- Condon principle, Mossbauer effect, ‘eleotron: vi 


-sbrational transition, nuclear. vibrational. renee tone Hlossbauer ‘line 


a intensity. 


a apsrract:. The purpose of the: ‘artiole: is ao ‘peformulate. “the: ‘Franck- 
"Condon principle (FCP) in a manner making it -possible _ to. apply it t 


4 ‘several problems connected with the Mossbauer effect. To. this: end, 


“E “can analysis is presented of. the FCP. with allowance: for: the. ‘recoil™- 


“momentum and for the. change in’ the mass of *the.nucleus. ‘The effect 
- ‘of the recoil energy on the probability. of nuclear-~ vibrational ‘trans: 
ae 1s then analyzed, using a uSty Seat mode 1 of vibrational © 
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“to analyzing the Mossbauer effect with the aid of the FCP:on: the basis 


‘of a quasimolecular model for.a single normal oscillation mode. ~— 


“system consisting of a single harmonic. oscillato 


4 Special emphasis is placed on the FCP concept that. the momentum of the 
- wibrating system decreases: by an amount.equal-to the radiated. photon. 
- momentum or increases by the amount of the-absorbed photon momentum 
a The analysis shows that the FCP can be successfully used ‘for.a.. ° 2... 
qualitative interpretation of the Mossbauer. effect, and ‘ts also useful 
f for a rough estimate of the integral intensity ofthe Mossbauer -line.. 
mm. The main features of the Mossbauer effect can be easily: understood by 
me supplementing the FCP concepts. with an analysis of. the factors af- 
feeting the width of the lowest vibrational state of the system. Ori; 
“art. has: 4 figures and 10 formulas = - 2.8. He BR nats 
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TRANSLATION; - The authors. consider the ‘structure: of the: purely-dleetronic cused" : 

line (PEL) in electron-vibrational spectra of: impurity crystalsHn two cases: | 

1) the impurity centers (IC) are in ideally identical conditions (theoretical — 

as spectrum); 2) the IC are in slightly different conditions as a result of inhomo--|. |: 

oy geneity of the crystal matrix (the. spectrum: corresponds to conditions of tae exe i as 

sap / dating experiment). It 1s indicated that at ere the PEL cen have - 4 

| & width on the order of the radiation: wiath (~ 10° It is proposed to ine 

vestigate the form of the PEL using the quantun deat alae (R2hFiz, 1964, ; 

_4p157), which eliminates the influence of the eo, of. she oe on. “ 
“the purely-electronte energy of the Serer te es ee ep 
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{elapsed time. The first is the progress in the theory of crystal- 
lattice dynamics, particularly the character of distortion of the 
crystal lattice near impurities, which has made it possible to pre- 
dict various types of oscillations in electron-vibration and related 
processes. The second is the application of the Mossbauer effect to = 
the study of local lattice dynamics. The third is the better under- 

' standing of the closed connection between the interaction with 

’ electron-transition vibrations and the analogous problem of gamma 

: transitions in an atomic nucleus contained in the crystal (optical 

* analog of the Mossbauer line and the Shpol'skiy effect). In addi- 

‘ tion, the number of experimental researches on the direct study of 

i dynamics of the lattice near crystal defects, including local os- 

‘ cillations, has greatly increased during the past few years. It is 

, pointed out in the conclusions that principal interest attaches to 

' further development of the theory of the purely electronic line and 

- performance of exact experiments aimed at ascertaining how narrow 
they can be and how close the analogy between the Mossbauer line 
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| and the purely electronic line actually is. Further development of 

i the theory of vibrations of impurity molecules in crystals and fur- 

pene research with the aid of the Mossbauer effect are urged. The 

‘ section headings are: 1. Introduction. 2. Local and pseudolocal 

I Gaeitiations. 3. Electron-vibration transitions and local lattice 
dynamics. 4. Raman scattering of light. 5. Infrared absorption 

; spectra. 6. Mossbauer effect and a few other phenomena. 7. Con- 

cluding remarks. Orig. art. has: 2 figures, 2 formulas, and 1 


table. 
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[cesta coefficient; infrared quenching spectra, . ig noes, infrared 
‘of. the: infrared quenching ‘on the’ intensity: of the. infrared light; ali 
4s functions of the firing temperature. (from.400 to. 11506) :of: an5- 
phosphora. - ‘The copper was introduced in the form:of a sulfate; ‘i 
‘or chloride: Balt. othe. . eompounde. were: a ‘for: Ee mi 
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“ampoules : ‘made: of. refractory. glass: or: Sn ‘open. quavee re 
quenching spectra were measured with a ‘spectrometer ‘and. 
equal intensity of applied infrared light. © The™ results ‘show: that: the 
luminescence brightness of ns. increases exponentially with. increas 
firing temperature in the 400 -- 800C range... The. infrared quenching. 
actor jj 1s increased ‘only in’ the temperature™ region: 400..--- 500 
ependence of the light sum onthe. firing temperature differs. ney : 
‘|the dependences of the brightness and of the quenching factor. ‘Plots’ 
pt: the quenching against the infrared radiation intensity: and of the 
spectral distribution of. the infrared quenching against the: firing 
temerature are also presented. - It isdeduced from the experimenta 
pesul te that the luminor properties are due not: only to the: diffusion 
f the activator, but also tothe changes which take place in the: . 
rystal lattice was a result. of. firing. -In- ‘particular, at low. tempe 
ture the crystallization is. not complete -and'a ‘large amount of..no 
rystallized material is produced ‘near the activating. beret os 


uthors : thank Ao. Malysheva for Supplying ‘the :.st ublimate: 
né- Gian oe « ha 2 3 figures sand 2 bles. 2) 
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ACCESSION NR: AP4032864 $/0051/64/016/004/05 94/0601 


AUTHOR: Rebane, K.K. 


TITLE: Contribution to the theory of interaction ot transitions in the electron 
shell and atomic core of an impurity with vibrations of ‘the crystal lattice 


SOURCE: Optika i spektroskopiy4 v.16, no.4, 1964, 594-601 


gopic TAGS: phonon transition interaction, Mossbauer effect, Sbpol ‘sky effect, im- 
purity spectrum, Stokes loss, vibronic spectrum 


ADSTRACT: The paper is an attempt to develop a unified approach to treatment of* 
ciectronic-vibrationat spectra (the Shpol ‘sky effect - appearance of line spectra 
of organic and other solutes in frozen paraffin solutions at cryogenic tempera 
tures - anc impurity spectra in jonic crystals) and nucleo-vibrational spectra (the 
Mossbauer affect). It is recalled that the shape of the spectrum jines of impuri- 
+ies lodged in crystals depends to a certain extent on the interaction between the 
associated transitions in the impurity atoms and the vibrations of the crystal lat= 
tice. Tne problem of the distribution of the gamma~photon recoil energy over the 
vibrational degrees of freedom of the crystal can be treated in the momentum appro- 
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ACCESSION NR: AT4020792 $/2613/63/000/023/0018/0021 
“| AUTHORS Rebane, K. Ke; Sil'd, 0. 1. 
: TITLE: The theory of stimulated transitions In electron-vibrational bands 


; SOURCE: AN EstSSR. Institut fiziki |} astronomll. Trudy*, no. 23, 1963. 
!ssledovaniya po lyuminestsents]i (Research in luminescence), 18-2 


TOPIC TAGS: electron vibration, electron band, electron transition, stimulated 
electron transition 


ABSTRACT: Pointing out that, in previous works, attention has already been direct- : 
‘ed at the possibility of using the electron-vibrational transitions in the impurity :~ 
centers of a crystal for the generation of light, the authors note that in these feud 
studies no allowance was made for the overlappingof the absorption and emission arn 
- bands. The purpose, therefore, of this brief article is to provide ina clear 
. } form the existence criteria of negative temperatures at electron-vibrational band | 
- | frequencies for a luminescence center in the crystal, the aforementioned overlap- 
' ping being taken into account: : ge ce 5 we 
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. The model considered (two electron levels, each having its own set of vibrational 
levels) Its roughly equivalent to a four-level system, from the point of view of 


induced emlssion.. A more accurate equivalent is a system with two infinite sets 
of levels, in which vibrational level relaxation until thermal equilibrium occurs 2 
with infinite speed. ‘The authors are grateful to B. i. Stepanov for his valuable, 
advice, and also to A. P. Purga and V. V. Khizhnyakov for their discussion of the j 


work. Orig. art. hass formulas. 
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ACCESSION NR: AT4020805 $/2613/63/000/023/0200/0209 


AUTHOR: Rebane, K.-S, K.; Tal'viste, E. K. 


TITLE; The effect of infrared radiation on the electroluminescence of ZnS-Cu, Al, 
excited with square-wave voltage of ultralow frequency. Part II. 


SOURCE: An EstSSR, Institut fiziki i astronomii. Trudy*, no. 23, 1963, Issledovantya ° 
po lyuminestsentsii (Research in luminescence), 200-209 


TOPIC TAGS: luminescence, electroluminescence, phosphor, ZnS-Cu, Al phosphor, 

ultralow frequency luminescence, infrared radiation, infrared quenching 

ABSTRACT: Electroluminescence has recently been widely used in various branches of. ' 
electronics, particularly for the conversion of various electrical pulses into light pulses. : 
Yhen using such converters, it is of great importance to know the kinetics of the con- 
version process. The kinetics of the luminescence produced by the excitation of phosphors 
with different square-wave pulses has already been rather well studied (G. R. Hoffman, —— 
D. H. Smith, J. Electron. and Control, 9, 161, 1960). In the prescut aper, however, 
the authors used bipolar voltage pulses "of ‘ultralow frequency (10-2 - 102 cycles). In 
addition, they studied the effect of infrared light on the electroluminescence brightness 
waves. a methodology and equipment employed in this research has previously been 

1/2 
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described (K.-S. K. Rebane, E. K. Tal’viste, Trudy* IFA AN ESSR, no. 21, 257, 1962). 
The authors considered the form of the brightness waves of electroluminescence under 
permanent and stroboscopic infrared irradiation (A = 0. 7 - 1.2) and without it. Under 
the effect of IR light the build-up time of the brightness wave, excited with ultralow-fre- 
quency square-wave voltage pulses, decreases. A decrease is also observed in the dura- 
tion of the brightness wave. The IR quenching factor increases during the build-up of the 
brightness wave. During the attenuation of the brightness wave the IR quenching factor is 
quite large and shows little dependence on the rate of attenuation. Two hypotheses are 
proposed to explain the phenomena observed: competition between the quenching effect of 
the electrical field and the effect of the IR light, or the monomolecular character of the 
glow during the time the glow builds up. The authors state that at the present time there 
are insufficient experimental data to make it possible to choose between these two possible 
causes for the reduction of IR quenching in the build-up region of electroluminescence 
‘brightness waves; it is quite possible, moreover, that both mechanisms exist simultan- 
eously. Orig. art. has: 5 figures. 
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REBANE, K. K.; TRIFONOV, Ye- D.; KHIZHNYAKOV, V. V.3 is 


i the 
"Quasi-Linear Election-Vibrational Spectra and their Relation to 


Messbauer Effect.” 


y Colloq, Belgrade, 30 Sep-4 Oct 63. 


report submitted to llth Intl Spectroscop 
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AUTHOR: _ Rehane, wh. 39V/26-58-12<41/44 
TITLE: The Tapanese Yamamelis, a Shrub Flowering in “inter fYapons- 
“iy Jamamelis - kustarnik, tsvetushchiy zimoy) 

: q7 : 
PERIODICAL:  Triroda, 1958,,r 12, p 126 «6(335R) 


ABSTRACT: of the lamamelis family, only Parrotia persica is a native 
tree on Soviet territory; it is found in the Talysh forests 
of the Azerbaydzhan SSR. "xcept for Hamamelis virginiana, 
there is little known about other acclimated representatives 
of this family in the forest belt cf the gTSSR. Sut the tree 
and shrub exhibition site of the "Yarvsel'ya” treining fore- 
stry of the =stonskaya sel'skokhozyaystvennaya akademiva 
(Zstonian Agricultural Academy) in the Ryapinskiy Reyon 
af the Estonian SSR is displaying shrubs of HYamamelis ja- 
ponica which flower annually between December and February 
at temperatures ranging up to - 26.7 C. The shrubs were 
raised from seeds obtained from Denmark. ‘hey do not bear 
fruit or seeds. There is 1] British reference. 

LSSOCTATION: Wehleskhoz ‘Yarvsel‘ya" {The "Yarvsel‘ya" Training Forestry ) 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


| iki pelson abt hea . Tuesday, August 01, 2000 CIA-RDP86-00513R001444' 


Renee ae SE BE BA CP SPnGy PEt 


ear ka ater dies : 4 : ae p . é * aes igen wea 
et ‘ - TESTES ECE 


REBANE, K.; REBANE, T., kand. fiz.—matem, nauk 
Theory of Raman scattering of light by molecules. Tzv. AN Est. 
SSR..Ser. fize-mat. i tekh, nauk 12 no. 32227-237 '63. 
(MIRA 16:11) 
1, Institute of Physics and Astronomy of the Academy of Sciences 
of the Estonian S.S.R. and Leningrad State University. 
2, Corresponding Member of the Academy of Sciences of the Estonian 
S.S.Re (for K, Rebane). 
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_ ACCESSION NR: AT4020806 5 /2613/63/000/023/0219/9215 
AUTHOR: Rebane, K.-S. Ke; Tal'viste, E- K. 
TITLE: The build-up of ultra low-frequency electroluminescence 


SOURCE: AN EstSSR. Institut fiziki f astronoml!. Trudy, no. 23, 1963. 
Issledovaniya po lyuminestsentsii (Research in luminescence), 210-215 


! : i 
TOPIC TAGS: luminescence, electroluminescence, low frequency electroluminescence, 
square wave luminescence excitation, phosphor, sulfide phosphor . 


ABSTRACT: in a previous work (K.-SeK. Rebane, E. K. Tal'viste, Trudy* {FA AN ESSR, 


no. 21, 257, 1962), the authors described the difference in the build-up rates of 
a series of electroluminescence pulses, corresponding to the rise and fall of the | 
voltage on an opaque electrode of square-wave low-frequency (1-5 cps). For the 
further investigation of this phenomenon, electroluminescence capacitors were de= 
signed with a ZnS-Cu, Al electrophosphor and electrodes of conducting glass. ~ By ~ 
means of an NGPK-3 generator and various switching devices, electroluminescence 
excitation was achieved by square-wave voltage in a frequency interval of 0.1-100 
cycles/second. The duration of the leading edge of the pulse was adjusted within 
‘limits of 10-560 microseconds. The bulld-up curves were photographed from the 
screen of 1a s1-4 oscilloscope, operating with a supplementary triggering device. 
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The authors used unipolar voltage pulses of both polarities as well as bipolar 
voltage pulses. In the latter case, the voltage was fed to the Capacitor ina 
balanced state with respect to the ground or with one grounded electrode. An 
attempt is made to explain the difference in the rate of build-up of brightness coe 
waves, corresponding to the different half-cycles of the voltage, as the result | 
of the formation in the crystals, at the beginning of the Process, of an unbalanced. 
volumetric polarization charge with a large relaxation time constant. In this. i 
article, the authors make absolutely no allowance for the ionization tunneling i 
mechanism of the glow centers, although, as they admit, it is possible that this ©: 
mechanism also plays a certain role in luminescence buildeup. Orig. art. has: 3. 
figures. , 
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Astronomy AN EstSsz) : 


SUBMITTED: 10Dec62 / DATE ACQ: O7Apr64 © ENCL: 00 


‘\ 


go 
ot 


SUB CODE: PH NO REF SOV: 006 OTHER: 003 - 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


‘ electron ener? 


"APPROVED ror REEEASE: Ldesatusltt gus 01, 2000 cmiediannairias oats ae ie 


2: SPER GE et Ma yap a ees SSR ESN co ee Deere pasa 


* AGGESSION NR1 AT3013090 = 8/2613/62/o00/021/02117/0256 
AUTHOR: Rebane, K.-S. Ke a | 


TITLE: ‘Statdonary “juminescence in znS-type Hbosphores, Exestatdon valstoe barid- _ 


+i 


- SOURCES AN EstSSR. Institut ina i astrononii. rudy, NOe 21, 1962, nr 


TOPIC TAGS: phosphor, valence band, electron trap, | luninescoice excitation “7. 


density, luminescence brightness, kinetic model 


G ABSTRACT Stationary luminescence excited by transitions of valence electrons to ou 
‘the trapping state.of electrons in the forbidden zone was examined, and dependence 
of stationary luminescence. on temperature and the excitation density was investi- 

. gated. The zone model for calculating valence bandtrap level excitation is given 

. (see Fig. 1 on Enclosure)... Equations for hole and electron concentration variation 
’ are written and solved for luminescence quanta quantity I on the basis of two 
models. that of Seen ce sen and Lambe-Klicke ‘Theses seus: 
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'S for the Schon Klasens model, and 
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Ta E, wo. : 


r= 

i 7 

” for the Lambe-Klick model. The luminescence brightness dependence on excitation .. 
. density and tempereture is shown to be a strong function of the selected kinetic PA 
: model, ! Orig. art. has: 18 equations and 3 figures, j - 
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5/613/61/000/017/006/012 
Do51/D113 


AUTHOR: Rebane, LeAs 

TITLE: On the interaction of luminescence centers during concentration 
and temperature quenching processes in NaCl-Ag 

SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astronomii. 
Rrudy, no. 17; 1961. Issledovaniya po lyuminestsentsii, 87-92 


TEXT: On the basis of measurements of the temperature behavior of the 250 mse 
emission band in IaCl-Ag, the possible character of interaction between the | 
luminescence centers in this phosphor is discussed. The study continucs \ 
previous investigations (L.A.Rebane, Trudy, IFA AN ESSR,No. 15; 56, 1961) 
devoted to the effect of Ag-concentration on temperature quenching of the 
centers I and II in NaCl-Ag and NaBr-Ag- In the present case, the tempera- 
ure quenching of the luminescence centers I in NaCl-Ag was measured by cal- | 
culating the areas below the emission pands of these centers, the bands being) 
recorded at various temperatures. The obtained results confirm that the 
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8/613/61/000/017/c06/011 
On the interaction ... DO51/D113 


Ag-concentration affects the temperature behavior of the luminescence yield 
of the centers I in NaCl-Ag. Explanations for this effect are given. The 
location of the maxima of the NaCl-Ag emission bands does got depend on 
concentration. In the studied temperature range (290- 54¢ °K), the energy 
corresponding to the location of the band maximum 5, diminished in proportion! 
to the temperature T. For the centers I in NaCl-Ag, A EB, /d T was equal to 
(0.07+0. 01) eV per 100 degrees. The change in halfwidth was in proportion 
to VT and amounted to about 0.03 eY per 100 degrees. F.D.Klement and 
D.Gluzkater are thanked for help rendered. There are 3 figures. The 
English-language reference is: P.Johnson, F.Williams, J.Chem.Phys.,18, 
1477, 1950. : 
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‘TITLE: Isotopic shift in the Luminescence spectrum of a KBr-O03 crystal 
OSQURCE: AN EstSSR. Tavestiya. Seriya fisike-matematicheskikh 1 tekhnichesidkh nauk, 
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waien were conducted to eneck this thesry. Tho author thanks 
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| AUTHOR: Rebane, Ke; Rebane, Le 
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ORG: Institute of Physics and Astronomy, AN EstSSR (Institut fizild 4 astronom{i a 
AN EstSsp) 7 . 


TITLE: Low-temperature emission spectra of oxygen in alkald halide crystals 


noe 2, 1965, 309-312 


oer rere. 


SOURCE: AN EstSSR. Izvestiya. Seriya fiziko-natematacheskikh i tekhnicheskikh nauk, a 


TOPIC TAGS: emission spectrum, luminescence ‘spectrum crystal impurity, oxygen 
Photomicrography, alkali halide, eryogenica - : is is 


Bossess a "fine structure." In order to study this structure further and ascertain |. 
its nature, the authors made a more detailed measurement of luminescence spectra at 
a temperature of 4.2° K, 


03, with the crystal. 
The article presents photomicrograms of the enission 

= 02) a8 well as a table of the positions _ 
thank Ye. F. Gross and coworkers at the Laboratory 
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‘AUTHOR! Rebane, L. A. we 
\TITLE: Spectral characteristics of mixed phosphor NaCl+KCl-Ag r 
; ~24¥¥, LAS 
;SOURCE: AN EstSSR. Institut fiziki i astronomii. Trudy, no. 28, 1964. Issledovaniya — 
: po lyuminestsentsii (Research on luminescence), 45-53 


TOPIC TAGS: phosphor, sodium chloride, potassium chloride, emission spectrun, 
‘exoitation Sspectrum/ SF 4 monochromator 


‘tigated as a function of the ratio NaCl1/KCl. The phosphors were prepared in the 
‘form of polycrystalline cakes by renee cooling of the salt and activator mixture 
-melt. The AgCl content was 2 x 10-2 mol%, whereas the NaCl and KCl contents were 
ivariable. The specimens were excited by hydrogen lamps through monochromator- | 
.Spectrophotometer. SF-4. The recorded emission spectra show that decreasing the 
‘sodium chloride content shifts the emission bands towards the long wavelength side 
‘of the spectrum, at the same time increasing their half-widths. This effect is 
_shown in Fig. 1 on the Enclosure, where & is the half width of the emission banda. |: 
“;To study the effect of the wavelength of the excitation source on the emission i 
teed 473 the specimens were tested at three wavelengths with 90% NaCl content. ‘The! 
iCard 4 3 . a 
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ABSTRACT: The emission and excitation spectra of NaC1-KCl-Ag phosphors were inves- | 
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| peeults show that the longer wavelength irradiation shifts the emission spectra _ 

: towards the longer wavelengths. To understand the crystal structure better, experi-. 
‘ments were performed at 100K temperatures. A new emission band with a 3.8 eV om 
‘maximun was observed at this temperature. "The author thanks P, D. Klement “or 
evaluating the work and 0. I. Sil'd for valuable suggestions." Orig. art. has: 5 


‘figures. Fy aS 
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Fig. 1. Location of the maxima (E ax ) arid 
half-width (§) of NaCl-KCl-Ag emission bands 
as a function of base component content: 


x- 2 oxoit = 220 nm, o - R exoit =» 230 nm 
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AUTHORS Lushpa, R. G., Rebane, L. A. 
_— —~———— 
Behavicr of spectra and yield with concentration in silver-activared 
alkali-nalide phosphors 


Referativnyy zhurnal, Fizika, no. 6, 1962, S4, abstract 6y37u 
("Tr. In-ta fiz. 1 astron. AN EstSSR", 1961, no. i4, 67 ~ 110 
English summary ) 


The changes of spectrum characteristics and radiabive quantum yield 
cvysctal phosphors on NaBr, NaCl, and KCl base when achivated by Ag in different 
iwrations have been investigated. In the case of low Ag concentrations, the 
« containing one Ag” ion are responsible for luminescence. At an increase 
ine activator concentration, Lumlneseence centers appear which contain two Agt 
ions, and the radiative quantum yield of centers of the former type drops so much 
‘rat the sum of the quantum yields of the two centers remains constant, One more 
MAING centers, the nature of which has not been Studied, nas teen discoverad 
Sten Ag conesntrat.ions. 


t 


hel > N. Maske sy 
wer s nove: Complete translation] aly Malsaneve 
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AUTHOR : Rebane, L. A. 


TITLE; Effect of the activator concentration on the temperature quenching 
of luminescence in some silver-activated alkali halide phosphors 


PERIODICAL: Referativnyy zhurnal, Fizika, no. 8, 1962, 43, abstract 8V297 
("Tr., In-ta fiz. i astron. AN EstSSR", 1931, no. 15, 56 - 80; 
summary in English) 


TEXT: The change with temperature of the quantum yield of luminescence 
in NaCl-Ag, NaBr-Ag, and KCl-Ag phosphors with different activator content has 
been investigated. Tne results are evaluated taking the possible interaction 
between luminescence centers of first and second kind into account. 


[Abstracter's note: Complete translation] 
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Concentration and temperature quenching of luminescence in sone 

alkali halide phospi.ors activated by silver. Izv,AN SSSK, Ser. = 

fiz. 25 no.33345-346 Mr '61. (NINA 14:2) 
(Phosphors) (Alkali ialides) 
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AUTHORS: Lushpa, R.G.; and Rebane, Le Ac 
_etel<t 2 


TITLE: Effect of silver activator concentration on the spectra 
and yield of alkali-halide phosphors 


SOQURCH: Akademiya nsuk Estonskoy SSR. Institut fiziki i astrono- 
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest— 
sentsii, 87-110 


TEXT: The authors repor n and interpretation of 

the changes on spectral antum yield of NaBr: 

Ag, Nacl:Ag and KCl:Ag eecurring on i f the silver content. 

The main results cf the work were pre All-Union 
Conference on Luminescence in June, 1960, and a 8s —_— 
lished earlier ty Le A» Rebane (Ref. 1: Trudy IPFA 

103, 1960). This work is a continuation of 4 similar study by the 

same author of NaCl:Ag with 0.0; ~ 3-0 mol.% Ag (Ref. 2: Trudy IFA 

AN ESSR. noo 12; 49: 1960). Nacl:Ag and NaBr:Ag were prepared ei- 

ther as monocrystals (by the Czochralski method) or as polycrystal- 


APPR : 
OVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445 


5/613/61/000/014/005/019 
- sylyer activator oo, D207/D303 


line ingots (by solidification of melt). Monocrystal series had 
O.0%, Ost, eds 006, 1.05 05, 1265 2.0 and 3.0 mol. @ AgBr in 
melt; polycrystai series had 1, 3; 7, 10, 15, 20; 25 and 30 mol.% 
AgBr. KCl:Ag phosphors were prepared from KCl and AgCl which were 
poorly miscible; only the follcwing AgCl concentrations were used: 
0,01; 0.1, 1.0 and 3.0 mol.% in melt. Absorption, emission and ex- 
citation spectra were recorded. In the case of monocrystals the 
technique used previously (Ref. 2:0p. cit.) was employed, except 
that the atsorption spectra of NaBr:Ag with 1.3 and 1.6 mol.% AgBr 
were determined empicying Ye. K. Putseyko'a technique (Ref. 7: 
Optika i spektroskopiya, 7%, 665, 1957). G. Fonda's method (Ref.8: 
J, Phys. Chem., 43, 574. 1939) was used to determine the quantum 
yield of polycrystals in powdered form. Excitation was obtained 
from a hydrogen lamp BC »¥-3 (VSFU-3) and a monochromator C -Y(SF- 
4°. The luminescence and the reflected exciting light were analyzed 
with the same monochromator SF~d and a photomultiplier 7) ay 48 
(PRU--18). NaBrz:Ag is hygroscopic; to keep it dry it was smeared 
with a thin layer of wax. The principal result of the work was es~ 
tablishment cf the existence of three types of luminescence centers 
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in all the phosphors: Type I (one Ag’ ion), type II (two aG* 1Ons)y. ~% 
type III (probably Ag atom). As the concentration of silver increa- 4% 
sed; type I centers were formed first, then type II and finally 
type III. In KCl:Ag the presence of one or the other type of center 
depended on previous heat treatment. Acknowledgment is made to F. 

D. Klement who suggested the subject and directed the work. There 

are 14 figures, 4 tables and 27 references: 19 Soviet-bloc and 9 
ron-Soviet-bloc. The 4 most recent references to the English-lan- 
guage publications read as follcws: H. Etzel and J. Schulman, J. 


Shem, Phys., 22, 1549 (1954); R. Onaka, Science of Light (Tokyo), 
3. 156 (1956); Y. Uchida, Y. Nakai and T. Tomotika, J. Opt. Soc. 


Am.. 47, no. 3, 246 (1957); J. Schulman and E. Claffy, Phys. Rev., . 
708, 1398 (2958) 
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